The positive-parity states of 25 Λ Mg with a Λ hyperon in s orbit were studied with the antisymmetrized molecular dynamics for hypernuclei. We discuss two bands of 25 Λ Mg corresponding to the K π = 0 + and 2 + bands of 24 Mg. It is found that the energy of the K π = 2 + ⊗ Λ s band is shifted up by about 200 keV compared to 24 Mg. This is because the Λ hyperon in s orbit reduces the quadrupole deformation of the K π = 0 + ⊗ Λ s band, while it does not change the deformation of the K π = 2 + ⊗ Λ s band significantly.
I. INTRODUCTION
freedom of triaxial deformation plays an important role in nuclei with shape coexistence, and in nuclei soft against γ deformation [26] [27] [28] [29] [30] [31] [32] .
In triaxial deformed nuclei, the response to the addition of Λ particle will be different from those of axial symmetric nuclei [23, 33, 34] . 24 Mg is one of the candidates of triaxial deformed nuclei, because of the presence of the K π = 2 + side band built on the 2 + 2 state at 4.3 MeV [35] [36] [37] [38] [39] [40] . Based on the Skyrme-Hartree-Fock + BCS study, it was predicted that the addition of a Λ particle makes 25 Λ Mg slightly soft against γ deformation [33] . And, a Λ particle slightly stretches the ground band and reduces the B(E2; 2 + 1 → 0 + ) [34] . However, in these studies, the quadrupole collective motion of 25 Λ Mg is treated in a approximated way by mapping the energy surface to the collective Hamiltonian. For quantitative discussions, more sophisticated treatment of deformation is desirable. Furthermore, the properties of the K π = 2 + band are essential for the discussion of γ deformation, since it is quite sensitive to the γ deformation.
The aim of the present study is to reveal how Λ hyperon affects triaxial deformation and the observables such as excitation energy and B(E2). To investigate them quantitatively, three dimensional angular momentum projection and generator coordinate method (GCM) are known to be very powerful and indispensable. Therefore we have applied the Hyper-AMD with the GCM (HyperAMD + GCM) to 25 Λ Mg. The HyperAMD [25] is an extended version of the AMD for hypernuclei and describes hypernuclei without any assumption on the symmetry of nuclei. Combined with the GCM method, it is possible to investigate and predict the low-lying energy spectra and B(E2), quantitatively.
In this study, we focus on two positive-parity bands of This paper organized as follows. In the next section, we explain the theoretical framework of HyperAMD + GCM. In the Sec. III, the low-lying states with positive parity of 25 Λ M and their properties are discussed. The differences between the
bands are the focus. The final section summaries this work.
II. FRAMEWORK
In this study, we applied the HyperAMD [25] that is an extended version of AMD for hypernucleus to
25
Λ Mg. To analyze low-lying spectra, the generator coordinate method (GCM) was also employed.
A. Hamiltonian and variational wave function
The Hamiltonian used in this study is given as,
Here,T N ,T Λ andT g are the kinetic energies of nucleons, a Λ hyperon and the center-ofmass motion, respectively. We have used the Gogny D1S interaction [41] as an effective nucleon-nucleon interactionV N N . The Coulomb interactionV Coul is approximated by the sum of seven Gaussians. As an effective ΛN interactionV ΛN , we have used the central part of the YNG-NF interaction [5] . The YNG-NF interaction depends on the nuclear Fermi momentum k F through the density dependence of the G-matrix in the nuclear medium. In this work, we apply k F = 1.18fm −1 . This gives the binding energy of Λ particle in 25 Λ Mg, B Λ = 15.98 MeV, which is consistent with the systematics of B Λ as a function of mass number A derived from observed data [42] .
The single Λ hypernucleus composed of A nucleons and a Λ hyperon is described by the wave function that is an eigenstate of the parity,
whereP π is the parity projector and the intrinsic wave function Ψ int is represented by the direct product of the Λ single-particle wave function ϕ Λ and the wave function of 24 Mg, Ψ N ,
The nuclear part is described by a Slater determinant of nucleon single-particle wave packets,
where ψ i is ith nucleon single-particle wave packet consisting of spatial φ i , spin χ i and isospin η i parts. The centroids of Gaussian Z i , width parameters ν σ and spin directions α i and β i are the variational parameters of the nuclear part.
The Λ single-particle wave function is represented by the superposition of Gaussian wave packets,
where m Λ and m N represent the masses of the Λ particle and the nucleon, respectively.
Again, the centroid of Gaussian z m , spin directions a m and b m , and coefficients c m are the variational parameters of the hyperon part. Since we have superposed Gaussian wave packets, it is rather tedious to remove the spurious center-of-mass kinetic energy exactly.
Therefore we approximately removed it in the same way as our previous work [25] .
B. Variation on β-γ plane
The variational calculation has been performed in two steps. The first is the variational calculation for 24 Mg under the constraints on nuclear matter quadrupole deformation parameters β and γ. The β-γ constraint is applied in the same way to the references [40, 43] .
The variation with the β-γ constraint was achieved by addition of the parabolic potentials,
to the total energy of the core nucleus 24 Mg. The variational wave function of the nucleon part was determined to minimizeẼ for given values of β i and γ i by using the frictional cooling method. The resulting nuclear wave function Ψ π N (β i , γ i ) has minimum energy for given set of (β i , γ i ) and we shall call it core state. In this study, the core states are calculated for discrete sets of (β i , γ i ) in β-γ plane. 
, we have performed variational calculation of the Λ single-particle wave function and determined the variational parameters z m , a m , b m and c m for each grid point on β-γ plane. We shall call the resulting state Ψ π (β i , γ i ) hypernuclear state.
C. Angular momentum projection and GCM
After the variational calculation, we project out an eigenstate of the total angular momentum from the hypernuclear states,
HereP J M K is the total angular momentum projector. The integrals are performed numerically over three Eular angles Ω.
We calculate the mixing between the different K states that have the same intrinsic
and call it K-mixed state. The coefficients f Kni are determined through the double diagonalization of H KK ′ and N KK ′ defined as,
Finally, we superpose all of the K-mixed states with different deformation ( β i , γ i ) (GCM). Then the final wave function of the system becomes as follows:
where quantum numbers other than total angular momentum and parity are represented by α. The coefficients g niα are determined by the solving the Hill-Wheeler equation:
The physical quantities discussed in the next section are basically calculated from the GCM wave function.
D. Analysis of wave function
To analyze and discuss the GCM wave function on β-γ plane, it is convenient to introduce the overlap between the GCM wave function Ψ Jπ n and K-mixed states,
The behavior of O Jπ nα (β i , γ i ) in β-γ plane is discussed in the next section. We also calculate the expectation values of the operatorsĤ Λ andĤ N ,
to see the contribution from the hyperon part and nuclear part to energy shifts. For further analysis, by using the K-mixed state Eq. (20) with given deformation parameters β i and γ i , we calculate the expectation values of the operatorsĤ andĤ Λ ,
III. RESULTS AND DISCUSSIONS
The calculated and observed energy spectra of 24 Mg are presented in Fig. 1(a) . The AMD with GCM framework describes successfully the ground (K π = 0 + ) and the K π = 2 A. Energy spectra of 25 Λ Mg Fig. 1(b) shows the low-lying spectrum of 25 Λ Mg. We focus on two bands corresponding to the K π = 0 + and K π = 2 + bands of 24 Mg generated by adding a Λ hyperon in s orbit.
We call the former K π = 0 + ⊗ Λ s band, and the latter K π = 2 + ⊗ Λ s band. Coupling of a Λ hyperon in s orbit to the non-zero J states generates the doublets with J − 1/2 and J + 1/2. However, most of them are degenerated in Fig. 1 . The dotted line in Fig. 1(b) represents the α+ 
+ ⊗Λ s bands hardly change by a Λ hyperon. This is different from the prediction by reference [34] , where the authors predicted that the Λ hyperon slightly stretches the spectra of the ground band, due to the reduction of the β deformation. 
where E N is defined by Eq. (29) . The total energy E and ∆E N obtained after the GCM calculation are also listed in Tab. II. It shows that the B Λ for the K π = 0 + ⊗ Λ s band is larger than that for the K π = 2 + ⊗ Λ s band by 200 keV systematically. On the other hand, the effects of the Λ particle to the nuclear part are small and comparable for the K π = 0 + and K π = 2 + bands. Combining the Eqs. (28), (29) and (32), one finds the relation,
where ∆E x is change of excitation energy between 24 Mg and 
IV. SUMMARY
In this paper, we have applied the HyperAMD to 
